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Syphilis in the rabbit is rarely,  if ever,  transmitted  to  the young
in utero either by the mating of a normal with an infected animal  or
of one  infected  animal  with  another.  It  has been found,  however,
that the fertility of both sexes may be diminished  to some extent by
syphilis  and  that  infection  in  the  female  may  lead  to  abortion  or
premature  birth  with  an  increased  proportion  of still-births  and  a
reduction in the proportion of viable young born at term.  Malforma-
tions also appear to be more frequent.  Evidence of infection in utero
is  very  meager.  Uhlenhuth  and  Mulzer  (1)  were  able  to  recover
spirochetes from fetal organs almost immediately  after the intravenous
injection  of a large dose  of organisms  (10  cc. of a testicular  emulsion
rich in spirochetes)  into a pregnant  female with acutely fatal  results,
but  experiments  of  this  kind  are  of  doubtful  significance.  These
investigators  also  reported  a  single instance  of an  apparently  valid
transmission  of infection  by an  animal  inoculated  in  the  same way
at an early stage of pregnancy.'  As far as we  are aware,  this is the
only  successful production  of congenital  infection  in  the rabbit that
has been recorded.
As  a rule,  the young  of syphilitic rabbits show no  symptoms sug-
gestive  of  syphilis;  they  develop  normally,  they  are  susceptible  to
inoculation with Treponema  pallidum, and the few attempts that have
been made to demonstrate infection in them by the inoculation of other
animals have yielded negative results.
I Inoculation,  Jan.  20,  1911.  Litter  of four  young born  Feb.  15,  1911;  one
of the young  developed  syphilitic  lesions but  no infection  was  demonstrated in
the others.
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In this laboratory we  have  noted a striking exception  to the  fore-
going  rule  in a litter  of young  born  of parents with a  long  standing
syphilitic infection.  At birth, these  animals appeared  to be normal,
but within  a short time they developed  signs that were strongly sug-
gestive  of  syphilis.  The  conditions  which  attracted  our  attention
were a unilateral lesion of the cornea and iris and an abnormal growth
of hair associated with an extensive alopecia which affected three of the
six  rabbits comprising  the litter;  but  no  infection  could  be  demon-
strated in any of these animals.
Our  object  in  reporting  the  observations  made  on  this  group  of
animals is twofold.  In the first place,  the  lesions  and the circum-
stances  of  their  occurrence  are  of  interest  in  relation  to  so  called
stigmata of syphilis and to certain developmental  peculiarities  which
have been attributed, by some, to a syphilitic  ancestry rather than to
actual infection of individuals who are the subjects of such conditions.
The second object of the paper is to provide a background  for  subse-
quent  reports  on  heredity  based  on  a study  of  the progeny  of  the
animals whose  histories are given in this paper.
HISTORY.
Male Parent.-Young adult albino;  weight  at time  of inoculation  1,400  gm.;
maximum  weight  1,700  to  1,800 gm.
On  Dec.  10,  1918,  the animal  was inoculated  in both  scrota with  the Zinsser-
Hopkins  strain  of  T. pallidum.  In  due time,  a diffuse  infiltration  developed at
both sites  of  inoculation  and  gradually  spread  over  the  surrounding  skin  with
the formation  of numerous  small  nodules  distributed  along  the  course of  blood
vessels  and  lymphatics.  The  primary  lesions  showed  comparatively  little
activity,  however,  until  about 2  months  after  inoculation  (late  in  February).
At  this time, secondary  lesions began  to  appear  in  the skin,  first over the outer
sides of both hind  feet, then over both  forearms,  the eye lids, and at the base of
the  ears.  These  lesions  were  unusually  extensive  and  destructive  and  they
remained active much longer  than usual.  Regression  and healing did not begin
until late  in  April.  Meantime,  the scrotal  chancres  had  increased  in  size  and
number; they  assumed  the  same  destructive  character  as  the secondary  lesions
and remained  active for some time  after  the other lesions  had healed.
For about  a  month,  the  animal  was  free  from  any  active  manifestation  of
syphilis but in June  a relapse occurred  and for the first time a distinct periosteal
thickening  of the nasal  bones  was detected.  This relapse  was of short duration
and no  other lesions  were  noted until  late in  September  when  a second  relapse
occurred.  In this instance,  the lesions  were more numerous  and more extensive.
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From  this  time on  (Sept.,  1919)  the  animal  was  never  free  from  syphilitic
lesions.  The  course  of  disease  was  irregular  and  was  marked  by  periods  of
regression  followed  by  recrudescence  or the  appearance  of new  groups of  lesions
affecting  the skin,  bones,  and  eventually  the  eyes.  It  is  worthy  of note  that
the  eyes  did  not become  affected  until  Mar.,  1921  or more  than  2  years  after
inoculation  and almost  exactly  2  years after the  appearance  of  the first general-
ized  lesions.  As  a  rule,  the  period  of  active syphilitic  infection  in the  rabbit
does  not exceed  4  to  6 months but in  this instance  the disease remained  active
from  the time of inoculation  until death-a  period of  about 2J  years.  In spite
of this,  the animal appeared to be in good physical condition  for nearly  2 years.
During this time he exhibited  normal sexual  activity  and was  used for breeding
purposes in  two experiments.
Between  Oct.  8 and  15,  1919,  the  animal  was  mated with  3  infected  females
which  may be designated  as A, B, and C.  A failed to become pregnant; B gave
birth to a litter of 4 young,  3 of which survived  and developed normally;  C gave
birth  to  5 young,  1 of which  was a still-born  monster.  This fetus  showed  mal-
formation  of  the posterior  extremities,  absence  of  the  tail  and  spleen,  and  an
extreme  grade  of  hydrocephalus  with  either  an incomplete  development  or  an
almost  total  destruction  of the brain.  The  4 other  members  of this  litter were
poorly  developed  and  lived  for  only  a  few  days.  The  second  mating  of  this
rabbit was with Female  A  (Nov.  28,  1919)  and  from this mating came  the litter
of  6 young which  are the  subjects  of the  present  report.
In Oct.,  1920,  the  animal developed  snuffles  and  there was  a gradual  physical
deterioration  interrupted  by  brief  periods  of  improvement  until  June,  1921
when  the  condition  of the animal  became  critical  and  he  was anesthetized  and
killed  for  autopsy.
The significant features of the disease presented by this animal are:
(1) the relatively slight initial response to infection; (2) the subsequent
development of a malignant type of disease; and (3) an utter inability
to cope with either the syphilitic infection or the intercurrent bacterial
infection.
This is a typical example of a condition which one encounters among
rabbits  in  rare  instances.  It has  been  designated  by  us  "incom-
petence,"  as indicating an inability  to develop  an effectual  reaction.
The defective resistance  of such animals  is not entirely specific but is
apparent in the reaction  to injuries  of many kinds which  suggests  a
constitutional inferiority  as  an  underlying  cause.  This  assumption
is of  importance  in  the present  instance  as  affording  one  basis  for
a possible  explanation  of  the peculiar  conditions  presented  by  the
offspring of the animal.
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Female Parent.-Albino; weight  at  time  of  inoculation  575  gm.  Inoculated
Jan.  14,  1919 with  the Nichols strain of T. pallidum.
This animal was one of a group of young rabbits  (3 to 4 months old) inoculated
by the intravenous  injection of 1.0 cc.  of a testicular emulsion  rich in spirochetes.
She  proved to be one of the most resistant  animals of the group; her health was
little if at all affected by the inoculation.  The only lesion noted was a periostitis
of  the nasal  bones  which  developed  about 8  weeks  after  inoculation;  this  lesion
was  comparatively  small and healed in  about 1 month.
The animal  developed  normally  and attained  a weight  of 2,000 gm. by  Sept.,
1919.  She  was  kept  under  observation  until  June,  1920.  During  this  time
she  was mated  twice  with the rabbit whose  history is given  above and later with
another  infected  animal.
As has  been  stated,  the  first  of  these  matings  was  without  issue  while  the
second  resulted  in  the  birth  of  the  six  rabbits  with  which  this  report  is  con-
cerned.  The third  mating  was  on  Feb.  26,  1920.  The  male  used  in  this  in-
stance  was  also  an  animal  that  subsequently  developed  a  severe  generalized
syphilis.  At the  time  of  the mating,  he presented  an  unusually  marked  acute
orchitis  involving both  testicles but was  still fertile, as  a litter of six young was
born  of this mating.  Four of these rabbits died soon after birth; the two others
developed  normally.
There is nothing in the history of this rabbit that is unusual.  The
two things that may be significant are the high resistance of the animal
as  contrasted with  the low  resistance  of  the male  parent and  a  sug-
gestion  of  impaired reproductive activity  which  may  or may  not  be
referable  to  syphilis.
The  Litter  of  Young.-The  litter  of  six  young,  obtained  by  the
mating  of  the two  rabbits whose  history  is  given  above,  was  born
December 26,  1919; there were two males and four females,  all albinos.
At birth, three of  the young were much  smaller than the others but
no  other  abnormality  was  noted  until  toward  the  end  of  the  2nd
week  of life.
When  the  eyes  opened,  it  was  found  that  one  of  the  smallest
animals of  the lot, a female,  showed  an opacity  of  the  entire  cornea
of the right eye  (Fig. 1).  The condition present was distinctly differ-
ent from  that seen  in adult rabbits following  inoculation  with  Tre-
ponema pallidum in that there was no pannus  and only a  suggestion
of a pericorneal injection  with no other evidence  of an inflammatory
reaction in any part of the eye.  The cornea was grayish white with a
slightly  roughened  surface;  the deeper structures could  not be  seen.
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A little later,  a difference  in the  appearance  of  the coats  of the  six
animals was noted.  At the age  of 3 weeks,  this difference  was  very
striking.  Three  of  the  rabbits,  including  the  one  with  the  corneal
opacity, showed coats that were smooth and glossy  (Fig. 2) while the
coats  of the others presented  a roughened  and unkempt  appearance,
due to an abnormal  growth of hair with a tendency  to mat  together
and  to extensive  shedding  (Figs.  3 to 6).  The parts chiefly  affected
were  the trunk, the neck,  and the proximal  segments of the tail and
legs.  As the condition  progressed,  extensive areas  of  the body were
completely denuded of hair so that by the end of the 4th and 5th weeks
after birth  there was  a very striking contrast between those  animals
of the litter that were the subjects of this peculiar affection and those
whose coats remained smooth and  glossy.  This is  shown  by a  com-
parison of Figs. 3 to 6 with Fig.  2  which  represents  the  animal  with
the corneal lesion.
The skin of these  animals showed no evidence  of  an inflammatory
reaction or of scratches or abrasions;  on the  contrary,  it was smooth
and delicate.  All of the animals were well nourished and apparently
in good health; they were free from vermin and there was no evidence
of  an  alimentary  disturbance  of  any kind.  Moreover,  the  mother
appeared  to be in good health  and her coat was in good condition for
a lactating  female.  In brief, there appeared  to be nothing connected
with  the diet or mode  of living that could account  for the condition
presented.
This peculiar form of alopecia, if we may term it such, was of rela-
tively short duration.  By the end of the 6th week a  new growth of
hair appeared  over  the bare  areas  and  the coats  of all animals  soon
presented  a normal  appearance.
During February,  one animal  died as a result of a  gastrointestinal
disturbance.  In  May,  all  of  the  animals  developed  a  dermatitis
associated with alopecia for which no immediate cause could be found.
The skin over  the legs, about the face, and over parts of the ventral
surface of the body became  red and  thickened;  the surface of the skin
was covered  with fine  silvery  scales  and yellowish brown  crusts and
the hair over  these  areas  became  extremely  thin.  It  will be  noted
that  the parts  affected  in  this instance  were  those  that were  least
affected  by  the earlier  alopecia.  A dermatitis of this kind  is not un-
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common  among  young  rabbits  that are  poorly  nourished  or  living
in  unsanitary  surroundings  and  no  particular  significance  could  be
attached  to  the occurrence  of such  a condition  under  these  circum-
stances,  but in the present instance the occurrence  of dermatitis  may
be  significant.
The subsequent  development  of  four  of the  five rabbits  was  un-
eventful.  The history of the fifth animal, the female with the corneal
lesion, contains several points that are of interest.  In the first place,
the  lesion of  the  cornea  gradually cleared  from  the  periphery  until
there  was only a slight clouding in the region  immediately overlying
the pupil.  It  was then apparent that the pupil was fixed,  small, and
irregular,  and that there were delicate  adhesions between  the cornea
and the iris; the deeper structures showed no perceptible abnormality.
Eventually,  there was some relaxation or absorption of the adhesions
so  that  the  pupil  acquired  some  power  of  accommodation.  The
opacity in the cornea  also  diminished until it was barely  perceptible
but never completely  disappeared.
In addition  to  the eye  defect,  this animal  presented  a  number  of
developmental  peculiarities  and  pathological  conditions  that  are  of
interest  in the present  connection.  Among  these,  we  may mention
the  following  conditions:  Retarded  growth,  subnormal  development
of the skeletal  system, the  accumulation of abnormal deposits of fat,
delayed sexual maturity and subnormal development  of reproductive
functions  including  ability  to  rear  young,  abnormal  growth  tend-
encies  in  the  tissues  of  the generative  organs  and mammary glands
expressed  in  the formation  of  polypoid  growths  and  multiple  cysts
with  atypical  epithelial  proliferation,  and finally,  the  occurrence  of
an umbilical  and a diaphragmatic  hernia.  The extent of  the  cystic
development  in the mammary glands  is shown in Fig.  7 while  Fig. 8
shows the hernia at the umbilicus and the protrusion of  a mass of fat
into the right pleural cavity as well  as the abnormal  accumulation of
fat elsewhere.  In this  connection it may be noted  that the animal
had  been  losing weight for several  months  and  that at  the  time  of
autopsy her weight was 500 gm. below normal, a loss of  approximately
25 per cent.
This animal  was  kept under  close  observation  for  5  years  during
which time she was used in a number of breeding experiments.  Even-
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tually, she developed  a respiratory  infection  which  pursued a course
identical with that of the male parent.  She was killed for postmortem
examination  in January,  1925.
All that need be said at this time concerning  the unusual combina-
tion of conditions presented by this animal is that such conditions are
strongly  suggestive  of  some  profound  constitutional  defect  which
influenced both intrauterine and postnatal development.
Tests for Syphilitic Infection.
At the time our interest was first aroused in determining the pres-
ence  or absence of  syphilitic infection  in the litter of  rabbits whose
history is  given  above,  no  reliable  method  had been  developed  for
making such a determination.  The only method then in use was that
of  a test inoculation  to  determine  susceptibility  to  infection.  This
method is open to serious  objection.  Nevertheless,  three of the five
rabbits  were  tested  in  this manner  on November  19,  1920, by  the
intracutaneous  inoculation  of  the vulva with  a spirochete  emulsion.
All  of the  rabbits  developed  primary lesions  comparable  to those
of control animals but in  two of them the course of disease was more
prolonged  and  more  severe  than  usual;  in  spite  of  an  intervening
pregnancy  and  lactation,  one  of  these  animals  developed  marked
generalized  lesions  while  the  chancre  of  the  other  remained  active
for more than 5 months.
While these tests do not disprove  the existence  of a previous infec-
tion, they do indicate  that the animals were probably free from infec-
tion at the time of inoculation.
· The female with the corneal  lesion and the  surviving male  of  the
litter were  not  inoculated.  They were  held for  observation and  for
breeding  purposes until  the spring  of  1924,  when  tests  for infection
were made by the removal  of a popliteal lymph node and the inocula-
tion of emulsions  of  these. nodes into  the testicles  of normal rabbits.
Negative  results  were  obtained  in both  instances.  This method
is the most reliable one that has been  developed  for the determination
of latent syphilitic  infection  in  rabbits  but negative  results  from  a
single passage are not  absolutely  conclusive.  The most that can  be
said in such cases is that either no infection exists or that any organisms
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present  are  too  few  or too attenuated  to  cause  the development  of
recognizable  lesions  when  introduced  into  the  testicles  of  normal
animals.
DISCUSSION  AND  CONCLUSIONS.
The  conditions  reported are  unique  in  experimental  syphilis  and
their interpretation  is by no  means  certain.  It is possible  that the
alopecia,  keratitis, iritis  and other  abnormalities  presented  by these
rabbits had  no  connection  with a  syphilitic  infection-either  in the
parents or in the animals themselves-and  that their occurrence  was
referable to some very unusual combination of circumstances  of which
we have no knowledge.  On the other hand, there may have been an
intrauterine  infection which  cleared up before  or shortly after birth.
Still another possibility that must be considered is the occurrence of
some primary  disturbance  of nutrition  in the mother which  affected
intrauterine  development  to  some  extent  but was most  marked  in
its effects during the first few weeks  of life.  Such a disturbance  of
nutrition may or may not have been influenced by syphilitic infection.
Finally,  one cannot  lose  sight  of the fact that the sire of this  litter
of  rabbits  presented  unmistakable  evidence  of  a  constitutional
inferiority  and that inheritance  of these  qualities may afford a basis
for an explanation of the conditions  noted in the offspring.
It is impossible to say which of these conceptions  is correct as none
of them is susceptible of experimental proof.  The lesion of the cornea
and iris is strongly suggestive  of infection  while the other  conditions
are  more  suggestive  of  nutritional  or  developmental  abnormalities,
but in either case syphilis may have been a factor of decisive impor-
tance.
At all events,  the congenital lesion of the eye on the one hand and
the  peculiar  growth  of  hair  followed  by  an  extensive  alopecia  on
the other bear a resemblance to keratitis of congenital syphilis (which
may  occur  as  a  congenital  lesion),  the  so  called  syphilitic mop  of
Hutchinson and alopecia universalis of syphilitic origin,  or to cases of
syphilitic alopecia described  by Wile  (2) which are not due to a  skin
infection.  The retarded  and subnormal  development  of  the  animal
with the eye defect is also suggestive of syphilis, but, from our knowl-
edge of syphilis in the rabbit, it does not appear likely that any of these
animals was actually infected.
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If we eliminate infection of the young as the immediate cause of the
conditions described,  we must regard them as of functional origin due
to some  disturbance or defect in the mechanism  which controls proc-
esses  of  growth  and  development.  The  problem  would  thus  be
narrowed  down to the basis of parental  influence with the alternative
of  attributing  the  conditions  to  a  disturbance  of  nutrition  in  the
mother or to inheritance  of paternal defects or to a combination of the
two sets of factors.
As has been said,  the  evidence  available  is not conclusive  but the
history  and  the  tests  of  susceptibility  to  syphilitic infection  point
strongly to paternal inheritance  as the factor of foremost importance.
This view is also  supported  by further studies of heredity  as a factor
in  determining  resistance  or  susceptibility  to  syphilitic  infection,
based on a series of brother-sister matings which began with the male
and two of the females  described in this report.
If it be granted  that inheritance  of paternal characters  may  affect
functional  activities  in  the offspring,  and  this  appears  to be true  in
the  case  of  the  susceptibility  of  rabbits  to  syphilitic  infection,  the
conditions  described  above  may  be  accounted  for  satisfactorily  as
expressions  of disturbed function.  It  has been found that syphilis in
the rabbit is accompanied by marked alterations in many of the glands
of internal secretion and that interference with the functional activity
of these glands by surgical removal produces a profound effect  on the
course  of the disease  (3).  Finally,  it is generally believed  that some
of these organs play an important part in the regulation of growth and
development.  This applies to the teeth, the skin and its appendages,
and the organs of  special sense,  as well as to other parts of the body
and,  as  is  well  known,  these  structures  are  frequently  affected  by
disturbances  of function  in the glands of  internal  secretion.  Hence,
it appears not unlikely  that  the conditions  presented  by this group
of rabbits  may be  referable  to  abnormal  functional  activity  of  this
system  of  organs,  determined  largely  by inheritance  but  influenced
also by the presence  of a syphilitic infection  in one or both  parents.
In brief,  therefore,  it would appear  that while  under ordinary cir-
cumstances the resistance of  the rabbit, and of females in particular,
is  of such a high  order  as  to prevent  the occurrence  of  intrauterine
infection  of the offspring, it is still possible for the  normal course  of
pregnancy  to be  interfered  with,  and,  in  exceptional  instances,  the
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young born of syphilitic parents may exhibit abnormalities suggestive
of  syphilis  even  though  no  infection  can  be  demonstrated.  The
occurrence  of  such  stigmata  may  be  due  to  abnormal  functional
activity of a growth-regulating  mechanism  the character of  which is
determined  primarily by heredity;  but, the action of the  mechanism
may be affected directly  or indirectly by the presence  of  a  syphilitic
infection.
SUMMARY.
The report is concerned with the occurrence  of stigmata of syphilis
in the progeny  of  syphilitic  rabbits  and the  probable  cause  for such
conditions  in  cases  where  no  infection  can be  demonstrated.
The  history  of  a  group  of  animals  presenting  these  conditions  is
given and possible causes are discussed in the light of evidence derived
from  a study of  these  animals.
In  this  instance,  it  appeared  that  the  lesions  suggesting  syphilis
were of functional  rather than  of infectious  origin and  that heredity
was an important  factor in determining their occurrence.
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EXPLANATION  OF  PLATES.
PLATE  27.
FIG.  1. Right eye,  showing  corneal lesion  of  the animal in  Fig. 2.
FIG.  2. Normal  coat.  4th week  after birth.
FIGs. 3  and 4.  An  animal  of the  same litter  as the one  in Fig.  2.  Note  the
abnormal  growth  of hair,  the tendency  to mat,  and the  extensive  loss  of  hair.
4th  and  5th  weeks  respectively.
PLATE  28.
FIGs.  5 and 6.  Another  animal  of  the  same litter at  corresponding  times.
FIG.  7. Multiple  cysts  of  the  mammary  glands.  The  same  animal  as  that
in Figs.  1  and 2 at the age of 31 years.
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PI.ATE  29,
FIG.  8.  The  same  animal  as  in  Fig.  7.  1  years  later.  Note  the  umbilical
hernia, the protrusion of a mass of fat into  the right pleural cavity, the presence
of  lobulated  and  pedunculated  masses  of fat  in  the  subcutaneous  depots,  and
the excessive  accumulation  of fat in an animal  showing a loss  of weight amount-
ing to  25 per  cent.THE  JOURNAL  OF EXPERIMENTAL  MEDICINE  VOL.  XLI.
(Brown  and  Pearce:  Stigmata  of  congenital  syphilis.)
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PLATE  29.